ABSTRACT ABSTRACT ABSTRACT ABSTRACT. The biological activity of flavone has been enhanced by introducing heteroaryl moiety in C-2 position of chromone derivatives. Thus, 2-(1H-Indol-3-yl)-4H-chromen-4-one derivatives (6a-e) and 2-(2-chloroquinolin-3-yl)-4H-chromen-4-one derivatives (7a-e) were synthesized from corresponding chalcone. They were structurally confirmed by analytical and spectral data and evaluated for their antimicrobial activities. The results showed that this skeletal framework exhibited marked potency as antimicrobial agents.
INTRODUCTION
Flavone (2-phenylchromone) derivatives are naturally occurring heterocyclic compound belongs to the flavanoid group. It showed significant role in pharmaceutical effects [1] including leishmanicidal activity, oviposter stimulant phytoalexins, anti-HIV, vasodilator, antiviral, antioxidants, bactericidal, DNA cleavage, antiinflamatory, antimutagenic and anticancer. In general, the flavones are synthesized by oxidative cyclization of 2'-hydroxy chalcones [2] , by the cyclodehydration of 1-(2-hydroxyphenyl-3-phenyl-1,3-propanedione) [3] , by Auwers methods [4] and via intermolecular Witting reaction [5] . It has been observed that the substitution five or six member heterocyclic group in C-2 position instead of phenyl group improves the biological activity of flavones [6] [7] [8] . In view of these report, we extended our earlier work to synthesize new substituted flavone derivative as potent antimicrobial agent.
EXPERIMENTAL
All the common chemicals were obtained from Merck chemical company, SD fine chemicals and Sigma-Aldrich chemicals. TLC was carried out using and spotting was done using iodine or UV light. Melting points of synthesized compounds were determined in open glass capillaries and were uncorrected. UV spectra were recorded using Perkin-Elmer 402 UV-Vis spectrophotometer. IR spectra were recorded on Perkin-Elmer 577 IR spectrophotometer using KBr pellets. 1 H-NMR and 13 C-NMR spectra were recorded on Bruker 300 MHz NMR Spectrometer in CDCl 3 with tetramethylsilane as the internal standard and the chemical shifts were reported in ppm scale. Mass spectra were studied using Finnigan MAT 8230 mass spectrometer. Elemental analyses were done on Vario EL-III elemental analyzer and the analyzed reports were within ± 0.4% of the theoretical values. The purity of the compounds was checked by thin layer chromatography on silica gel 60 F 254 (Merck) and spots were developed using iodine vapour or ultraviolet light.
General procedure for synthesis
Synthesis of chalcone derivatives (3) . The compounds were synthesized as per the procedure given in literature [9] . To a mixture of o-hydroxy-acetophenone (0.01 mol) and indole-3-carboxaldehyde/2-chloroquinoline-3-carbox-aldehyde (0.01 mol) in ethanol (50 mL), piperidine (1 mL) was added and refluxed. After the completion of reaction, which was monitored by TLC, ethanol was distilled off and residue was poured on ice water (100 mL). It was kept overnight in the refrigerator. The resulting solid was collected by filtration, washed with distilled water and crystallized from methanol to give corresponding chalcone 3.
Synthesis of indolyl flavone (6a-e) and quinolyl flavone (7a-e) using DDQ. The chalcone (0.01 mol) in dry dioxane (50 mL) was added with DDQ (0.01 mol, 2.27 g) and the solution refluxed for 3-4 h until the completion of reaction. Then the reaction mixture was poured in crushed ice and the solid separated was filtered and dried. Then, it was crystallized from chloroformpetroleum ether (5:1) to give pale yellow needles of expected compounds 6a-e and 7a-e.
Synthesis of indolyl flavone (6a-e) and quinolyl flavone (7a-e) using DMSO/I 2 . The chalcone (0.01 mol) was suspended in dimethyl sulfoxide (DMSO, 6 mL) and iodine (0.01 mol, 1.27 g) was added to it. The mixture was refluxed for 20-50 min in an oil bath until the completion of reaction. Then the reaction mixture was poured in crushed ice and the solid separated was filtered and washed with 20% aq. sodium thiosulfate until product becomes colourless. It was further purified by column chromatography using hexane-ethyl acetate (80:20 v/v) as eluting solvent.
Synthesis of indolyl flavone (6a-e) and quinolyl flavone (7a-e) using Ph-S-S-Ph.
The chalcone (0.01 mol) pasted with diphenyl disulphide (0.01 mol, 2.18 g) in a mortar and the mixture was transferred to a 100 mL three necked round bottom flask equipped with nitrogen inlet and outlet tubes. The central neck was closed by a glass stopper. The flask was then dipped into a silicon oil bath and heated at 265 °C under nitrogen atmosphere until the distillation of the thiols formed through the other outlet tube ceased (3-4 h). The reaction mixture was then cooled at room temperature and 20 mL chloroform was added. The organic layer was washed with water several times. It was dried over anhydrous sodium sulfate and the solvent was removed by distillation. The product crystallized from chloroform-petroleum ether (5:1) to give pale yellow needles. 
Synthesis of 2-(1H-Indol-3-yl)-7-methoxy-4H-chromen-4-one (6a
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.
Synthesis of 2-(2-chloroquinolin-3-yl)-6-methoxy-4H-chromen-4-one (7b)
Synthesis of 2-(2-chloroquinolin-3-yl)-7,8-dimethoxy-4H-chromen-4-one (7c)
Synthesis of 2-(2-chloroquinolin-3-yl)-5,7,8-trimethoxy-4H-chromen-4-one (7d
Synthesis of 2-(2-chloroquinolin-3-yl)-5,7-dimethoxy-4H-chromen-4-one (7e)
Spectral data
The spectral data for the expected flavone derivatives 6a-e and 7a-e were identical to that are prepared by DDQ or DMSO/I 2 or Ph-S-S-Ph method.
Experimental procedure for antimicrobial activity
Disc diffusion method. The antimicrobial activity of newly synthesized compounds was evaluated using the agar diffusion method [10] . Briefly, a 24/48 h-old culture of selected bacteria/fungi was mixed with sterile physiological saline (0.85%) and the turbidity was adjusted to the standard inoculum of Mac-Farland scale 0.5 [~10 6 colony forming units (CFU) per millilitre]. Petri plates containing 20 mL of Mueller Hinton Agar (MHA, Hi-Media) were used for all the bacteria tested. Fungi were cultured in Sabouraud's dextrose agar (SDA)/potato dextrose agar (PDA) (Hi-Media) and were purified by single spore isolation technique. The inoculums was spread on the surface of the solidified media and Whatman No. 1 filter paper discs (6 mm in diameter) impregnated with the test compound (20 µL/disc) were placed on the plates. Penicillin (5 µg/disc, Hi-Media) was used as positive control for bacteria. Nystatin (10 µg/disc, Hi-Media) was used as positive control for fungi. A paper disc impregnated with dimethylsulfoxide (DMSO) was used as negative control. Plates inoculated with the bacteria were incubated for 24 h at 37 °C and the fungal culture was incubated for 72 h at 25 °C. The inhibition zone diameters were measured in millimeters. All the tests were performed in triplicate and the average was taken as final reading.
Determination of MIC.
Solutions of the test compounds, ciprofloxacin and fluconazole were prepared in DMSO at a concentration of 100 µg/mL. From this stock solution, serial dilutions of the compounds (50, 25…. 3.12 µg/mL) were prepared to determine the MIC. All determinations were done in triplicates and the average was taken as final reading. The standard antibiotic, ciprofloxacin (100 µg/mL) for bacteria and fluconazole (100 µg/mL) for fungi were used as positive controls and 100 mL of DMSO used as a negative control. At the end of the incubation period, the MIC values were determined.
RESULTS AND DISCUSSION
Chemistry
Our earlier work [9] describes the synthesis of the chalcone, 1-(2′-hydroxy-aryl)-3-(1-indol-3-yl)-prop-2-en-1-one (4a-e) and 1-(2′-hydroxyaryl)-3-(2-chloro-quinolin-3-yl)-prop-2-en-1-one (5a-e) by piperdine mediated Claisen-Schemidt condensation method as shown in Scheme 1. The IR spectra of compounds 4a-e and 5a-e gave absorption about 1630-1654 cm -1 for the unsaturated keto group and absorption about 3431-3436 cm -1 for the presence of hydroxyl group. In addition, the 1 H-NMR spectra gave two doublet centred about δ 7.6 ppm and δ 8.2 ppm with coupling constant about J = 15 Hz were assigned to the trans olefinic proton at C α and C β position. The On oxidative cyclization of 2'-hydroxy chalcone using DDQ/DMSO-I 2 /diphenyl disulfide, corresponding flavone derivatives 6a-e and 7a-e were obtained as shown in Scheme 2. The UVVis absorption spectrum of the compounds 6a-e and 7a-e in CHCl 3 showed λ max at 265-275 and 358-386 indicating the presence of flavone moiety. IR spectra of compounds 6a-e and 7a-e showed the absorption at 1664-1668 cm -1 for carbonyl groups and absence of hydroxyl absorption confirmed the oxidation of hydroxyl groups in chalcones 4a-e and 5a-e. It was further supported by not observing corresponding 1 H-NMR signals. The C-3 proton gave singlet about δ 6.42-6.44 ppm and δ 6.54-6.58 ppm for the compounds 6a-e and 7a-e respectively showed that the C β -H of corresponding chalcone involved in cyclization of chalcone to form corresponding flavone. The entire 13 C-NMR spectral data, mass spectral data and elemental analysis data were in accordance with the structure of expected compounds 6a-e and 7a-e and they were given in experimental part. The compounds 6a-e and 7a-e obtained using three methods were showed identical melting points for corresponding flavone and the yields were differed as given in Table 1 . On comparison of physical data, synthesis of compounds 6a-e and 7a-e by DMSO/I 2 gives comparably high yield with short time among the other methods. In addition, on oxidative cyclization of chalcones with hydroxyl substitution instead of methoxy group, it was failed to form the corresponding flavone. Table 1 . Physical data of compound 6a-e and 7a-e.
Pharmacology
In vitro antibacterial activity. The in vitro antibacterial activity of the compounds 6a-e and 7a-e were evaluated against pathogenic bacteria including Staphylococcus aureus (G + ), Bacillus subtilis (G + ), Escherichia coli (G -) and Salmonella typhi (G -). Penicillin was used as standard for comparing the antibacterial activities and the diameter of observed inhibition zone of 6a-e and 7a-e were measured (in mM) and they are given in Table 2 with MIC.
The antibacterial data could be observed that among the indolyl flavone 6a-e, the compounds 6d and 6e showed appreciable antibacterial activity against all the test bacteria. Also, they have good activity against S. aureus, B. subtilis and S. typhi. Similarly, compound 6e has good activity against E. coli with MIC of 6.5 µg mL -1 . Even though compounds 6a and 6b showed good activity against S. aureus and B. subtilis, they are inactive against E. coli and S. typhi. However, the antibacterial activity of compound 7a-e showed moderate to good activity against all the test organism except 7c and 7d, which is inactive against S. aureus and B. subtilis. The compound, 2-(1H-Indol-3-yl)-5,7-dimethoxy-4H-chromen-4-one (6e) showed excellent antibacterial activity against all the test bacteria. Interestingly, the antibacterial activity of the quinolyl flavones (7a-e) increased when compared to that of indolyl chalcone (6a-e).
In vitro antifungal activity. The in vitro antifungal activity of the compounds 6a-e and 7a-e with Nystatin as a reference drug against fungi species including Aspergillus niger, Aspergillus flavus, Penicillium chrysogenum and Fusarium moneliforme is given in Table 2 .
The compounds 6a, 6d, 7a, 7d and 7e showed moderate to good activity against all the test fungi. However, compounds 6b and 6c are showed inactive against A. flavus, P. chrysogenum and F. moneliforme. The compound, 2-(2-chloroquinolin-3-yl)-6-methoxy-4H-chromen-4-one (7b) showed excellent antifungal activity against all the test fungi. Like antibacterial activity, the quinolyl flavone (7a-e) showed more biological activity than that of indolyl flavone (6a-e). Table 2 . Antibacterial and antifungal activity of compounds 4a-e, 5a-e and 6a-e.
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